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(57) ABSTRACT

A holographic storage and reproduction system and method
with a servo are provided, wherein a servo mechanism 1s
provided, such that the holographic interferogram is continu-
ously stored 1n the holographic recording medium. When a
reproduced signal 1s to be obtained, 1t can be retrieved quickly
and accurately through the servo mechanism. Also, the imten-
sity distribution of the reference light reflected by the holo-
graphic recording medium can be monitored and controlled,
such that the relative distance and oblique angle between the
storage and reproduction system and the holographic record-
ing medium are analyzed and adjusted.
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generate a servo hight

\l/
guide the servo light to be incident to the
servo track of the holographic recording medium

generate a reference light, and make the reference

light be incident to the holographic recording
medium along a first mcidence direction

reflect and receive the reference h%ht to adjust the
reference light to be incident to the holographic

recording medium along the first incidence direction

Y 24
adjust the reference light reflected by the holographic
recording medium to be reflected along the ongmag path

1y

‘generate and modulate a signal hight, wherein the signal
light is incident to the holographic recording medium along
a second 1ncidence dlrectlonﬁnd interfered with the
reference light in the holographic recording medium to
generate a holographic interferogram, which 1s recorded
continuously in the holographic recording medium along

the servo track

28

adjust the servo light to be incident to the servo track

Fig.11



U.S. Patent Dec. 28, 2010 Sheet 22 of 23 US 7.859.970 B2

21

divert the servo light to be incident to a reflective layer of the

holographic recording medium, and reflect the servo light

v 31

receive the servo light

\l/

adjust the position of the servo light incident to the
holographic recording medium, such that the servo ]éght 1S
incident to the servo track of the holographic recording
medium, modulated and reflected by the servo track

\l/

decode the modulated servo hight

Fig.12



U.S. Patent Dec. 28, 2010 Sheet 23 of 23 US 7.859.970 B2

20

generate a servo light

1r

guide the servo light to be incident to a servo
track of a holographic recording medium

29

generate a reference hght, and make the reference
light be incident to the holographic recording
medium along a first incidence direction

reflect and receive the reference i T_hto adjust the
reference light to be incident to the holographic
recording medium along the first incidence direction

adjust the reference light reflected by the holographic
recording medium to be reflected along the on path

\r

generate a signal light, which 1s mncident to
the holographic recording medium alo
the direction parallel to the reference light

converge the reference hight and the gsigrafl light into the 41
holographic recording medium to be imnterfered with each
other, thereby %;neraj:mg a holc;%'gphlc interferogr:
whach 1s confinuously recorded 1n the holographic
recording medium along the servo track

s 26

adjust the servo light to be incident to the servo track

Fig.13



US 7,859,970 B2

1

HOLOGRAPHIC STORAGE AND
REPRODUCTION SYSTEM AND METHOD
WITH SERVO

CROSS-REFERENCE TO RELATED
APPLICATIONS

This non-provisional application claims priority under 335
U.S.C. §119(a) on Patent Application No(s). 094145584 filed

in Tatwan, R.O.C. on Dec. 21, 2005, the entire contents of
which are hereby incorporated by reference.

BACKGROUND OF THE

INVENTION

1. Field of Invention

The present invention relates to a holographic storage and
reproduction system and method, and more particularly, to a
holographic storage and reproduction system and method
with a servo function.

2. Related Art

In the current optical storage media market, the capacity of
a commercialized blue-ray disc rarely exceeds 100 GBytes,
sO various possible recording techniques for ultra high capac-
ity are widely being developed, wherein the holographic opti-
cal disc has the greatest potential. The holographic recording
technique has been developed for along time, but 1t cannot be
applied to a consumer optical storage product due to many
factors. For example, early holographic experiments required
a huge laser source with a high power of more than hundreds
of milliwatts, a complex optical system, and a ponderous
anti-vibration table, and moreover a photo-refractive crystal
typically used as a holographic recording medium which 1s
much more expensive than other ordinary media. However,
along with the progress of the technique and new ideas, the
limits placed on the holographic storage recording technique
have been removed one by one. For example, a mimaturized
high power laser, a high sensitive recording matenal, and a
small-scale data access optical system with a position servo
function have already been developed, and the conventional
thought that a recording medium should be rewritable has
been broken by consumer behavior in the optical disc market.
Nowadays, 1t 1s still difficult for recording material of rewrit-
able photo-refractive crystal to satisty conditions such as a
good material property, high data security, and cheap price.
[1luminated by the popularization of single-write multi-read
CD-R/DVD-Rs and other ordinary optical discs, the cogni-
tion that a holographic recording medium can be made of
material other than rewritable material has become widely
accepted. If the rewrite function 1s not taken into consider-
ation, many cheap and highly sensitive organic maternals can
be used as the data-recording layer of a holographic optical
disc, such as photopolymers. Photopolymers may generate a
chemical reaction similar to molecular bonding under an
irridation of strong recording light, and therefore, three-di-
mensional holographic interference fringes of data can be
recorded and a data reproduction can be carried out through
the change of optical properties caused by the molecular
bonding density distribution. The concept of the aforemen-
tioned small-scale data access optical system with a position
servo function 1s derived from a servo mechanism of the
CD/DVD optical disc driver, and 1t 1s a critical factor for the
holographic optical disc to be practical.

A holographic storage technique, as described 1n U.S.
Patent Gazette Publications NO. 20040212859 and NO.
6700686, 1s applicable 1n a transmissive holographic record-
ing medium. Due to a transmissive design, an image sensor 1s
disposed at the opposite side of the holographic recording
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medium, such that the whole volume of the system becomes
larger. Generally, 1n such transmissive system architecture
design, the optical axis of the objective lens through which the
signal beam passes 1s selected to be perpendicular to the
holographic recording medium, and the reference light
should be incident to the holographic recording medium 1n an
oblique direction. Thus, a deviation 1s easily caused for a
relative position and direction between the reference light and
the holographic recording medium. Once the deviation 1s
generated, when the reference light cannot be 1incident to the
holographic recording medium along an original path, no
reproduced signal light will be formed; thus the reproduced
signal light cannot be captured by adjusting the signal light
path, the 1image sensor for receving reproduced optical sig-
nals will obtain no reproduced optical signal, and of course no
correctly reproduced data can be reverted by an 1image pro-
cessing techmque. For a static holographic recording
medium, if such an architecture enables the reference light to
make a small scale scan on direction and position, the repro-
duced optical signal can be obtained, however, for a continu-
ously moving holographic recording medium, the reproduced
optical signal 1s still hard to be obtained.

Another related technique, as described i U.S. Patent
Gazette Publications No. 6721076 and No. 6909529, pro-
vides an optical architecture applicable in a retlective holo-
graphic recording medium, however, no specific servo
method 1s provided.

SUMMARY OF THE INVENTION

In view of above problems, a main object of the present

invention 1s to provide a holographic storage and reproduc-
tion system and method with a servo, for storing and retriev-
ing data conveniently and quickly by providing a servo
mechanism, and developing a corresponding mechanical
architecture.
To achieve the above object, the present invention discloses
a holographic storage and reproduction system with a servo,
which comprises a holographic recording medium, used as a
medium for storing optical signals; a light source, which can
generate a signal light and a reference light, wherein the
reference light 1s incident to the holographic recording
medium along a first incidence direction; a spatial light
modulator (SLM) located 1n a signal light path, for making
the signal light be incident to the holographic recording
medium along a second incidence direction after 1t 1s incident
to the SLM, to be made to interfere with the reference light,
thereby generating a holographic interferogram in the holo-
graphic recording medium.

When the reference light 1s incident to the holographic
interferogram along the first incidence direction again, a con-
jugate reproduced light 1s generated and 1s incident to an
image sensor along the signal light path.

Furthermore, a feedback control 1s used 1n the system, to
ensure that the reference light 1s incident to the holographic
recording medium along the first incidence direction, and the
holographic recorded interference 1s continuously recorded
in the holographic recording medium. A servo light guiding
portion 1s used for guiding the reference light to a sensing
portion after being reflected by the holographic recording
medium, such that the mtensity distribution of the reference
light after being reflected by the holographic recording
medium 1s converted to an electrical signal and transmitted to
the control device, for adjusting the reference light to be
incident to the holographic recording medium along the first
incidence direction. A servo light source 1s further used for

generating a servo light. The servo light 1s incident to a servo
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track of the holographic recording medium via the servo light
guiding portion, and is reflected by the servo track. Then the
servo light 1s propagated to the sensing portion via the servo
light guiding portion, and recerved and then transmitted to the
control device by the sensing portion, thereby the holographic
interferogram can be continuously recorded in the holo-
graphic recording medium along the servo track sequentially.

A first light guiding portion and a second light guiding
portion are further provided. The first light guiding portion 1s
disposed 1n front of the light source, such that the light gen-
crated by the light source 1s split into a signal light and a
reference light after passing through the first light guiding
portion. The first light guiding portion makes the reference
light be 1ncident to the holographic recording medium along
the first incidence direction. The second light gmiding portion
guides the signal light to be incident to the holographic
recording medium along the second incidence direction, after
it 1s incident to the SLM, thereby, the signal light and the
reference light are made to interfere with one another in the
holographic recording medium to generate a holographic
interferogram.

Furthermore, the present invention provides a holographic
optical storage and reproduction method with a servo. After a
signal light and a reference light are generated, the reference
light 1s incident to the holographic recording medium along
the first incidence direction, and the signal light 1s modulated
and diverted to be incident to the holographic recording
medium along the second incidence direction. Therefore, the
signal light and the reference light are made to interfere with
one another to generate a holographic interferogram. Then a
servo light 1s generated and diverted to be incident to a servo
track of the holographic recording medium. After being
reflected and modulated by the servo track, the servo light 1s
received again, thereby the holographic interferogram can be
continuously recorded in the holographic recording medium
along the servo track sequentially.

Furthermore, after the step of diverting the signal light to be
incident to the holographic recording medium along the sec-
ond incidence direction and interfered with the reference
light, thereby producing a holographic interferogram, 1t fur-
ther comprises reflecting the reference light to the sensing
portion, for adjusting the reference light to be incident to the
holographic recording medium along the first incidence
direction.

Another holographic optical storage and reproduction
method with a servo 1s provided. After a signal light and a
reference light are generated, the reference light and the sig-
nal light are incident to the holographic recording medium in
parallel along the first incidence direction. Then the signal
light 1s modulated, and the signal light and the reference light
are diverted, such that the signal light and the reference light
appear as convergent beams, to be incident to the holographic
recording medium and made to interfere with one another,
thereby generating a holographic interferogram. A servo light
1s generated and diverted to be incident to a servo track of the
holographic recording medium, and after being reflected and
modulated by the servo track, the servo light 1s recerved,
thereby the holographic interferogram 1s continuously
recorded 1n the holographic recording medium along the
servo track.

Furthermore, after the step of diverting the signal light and
the reference light, such that the signal light and the reference
light appear as convergent beams, to be incident to the holo-
graphic recording medium and made to interfere with one
another, thereby generating the holographic mterterogram, 1t
turther comprises retlecting the reference light to the sensing
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portion, for adjusting the reference light to be incident to the
holographic recording medium along the first incidence
direction.

Therefore, the present mvention provides a holographic
storage and reproduction system with a servo. The holo-
graphic storage and reproduction system together with the
servo mechanism enables the reference light to be incident to
the holographic recording medium along the first incidence
direction, and the holographic interferogram to be continu-
ously recorded 1n the holographic recording medium along
the servo track. Thus, several optical architectures are pro-
vided to achieve the object. Moreover, this architecture can
use a holographic multiplexing mechanism, thereby further
raising the capacity of the holographic recording medium.

The features and practices of the present mvention will be
described 1n detail by preferred embodiments with accompa-
nying drawings.

Further scope of applicability of the present invention waill
become apparent from the detailed description given herein-
after. However, 1t should be understood that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration
only, since various changes and modifications within the
spirit and scope of the ivention will become apparent to
those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below for illustra-
tion only, and which thus 1s not limitative of the present
invention, and wherein:

FIG. 1A 1s an architural view according to a first embodi-
ment of the present invention;

FIG. 1B 1s a schematic view of a recording state according
to the first embodiment of the present invention;

FIG. 1C1s a schematic view of a leftreference light without
being interfered with a signal light according to the first
embodiment of the present invention;

FIG. 1D 1s a schematic view of a reproducing state accord-
ing to the first embodiment of the present invention;

FIG. 2A 15 a schematic view of the reference light and the
servo light incident to the holographic recording medium
according to the present invention;

FIG. 2B 1s a schematic view of a servo track of the holo-
graphic recording medium according to the present invention;

FIGS. 3A and 3B are schematic views of two forms of the
reference light and the signal light incident to the holographic
recording medium according to the first embodiment of the
present invention;

FIG. 4A 1s an architectural view according to a second
embodiment of the present invention;

FIG. 4B 1s a schematic view of a servo architecture accord-
ing to a second embodiment of the present invention;

FIG. 5 1s a schematic view of the reference light and the
servo light incident to the holographic recording medium
according to the second embodiment of the present invention;

FIG. 6A 1s an architectural view according to a third
embodiment of the present invention;

FIG. 6B 1s a schematical view of a reproducing state
according to the third embodiment of the present invention;

FIG. 7A 1s an architectural view according to a fourth
embodiment of the present invention;

FIG. 7B 1s a schematical view of a reproducing state
according to the fourth embodiment of the present invention;

FIG. 8A 1s an architectural view according to a fifth
embodiment of the present invention;
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FIG. 8B 1s a schematic view of the reference light, the
signal light and the servo light incident to the holographic
recording medium according to the fifth embodiment of the
present invention;

FIG. 8C 1s a schematical view of a reproducing state
according to the fifth embodiment of the present invention;

FI1G. 9 1s an architectural view according to a sixth embodi-
ment of the present invention;

FIG. 10A 1s an architectural view according to a seventh
embodiment of the present invention;

FIG. 10B 1s a schematical view of a reproducing state
according to the seventh embodiment of the present mnven-
tion;

FIG. 10C 1s a schematic view of the reference light and the
servo light incident to the holographic recording medium
according to the seventh embodiment of the present imven-
tion; and

FIGS. 11,12 and 13 are flow charts according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

A holographic interferogram 800 1s to be stored 1n a holo-
graphic recording medium 900. The holographic recording
medium 900 comprises a first substrate 910 and a second
substrate 930. A recording layer 920 1s sandwiched between
the first substrate 910 and the second substrate 930, wherein
the recording layer 920 can record an optical signal, such as
the holographic interterogram 800. The second substrate 930
comprises a protective layer 970 and a reflective layer 950,
wherein the retlective layer 950 1s located on the protective
layer 970. A servo track 960 1s further disposed 1n the retlec-
tive layer 950, wherein the servo track 960 consists of a
plurality of recesses or bumps; alternatively, other servo
tracks, such as the conventional CD/DVD disc, are used.
When a beam 1s incident to the servo track 960, 1t 1s modu-
lated by the servo track 960. When a servo light 410 1s
reflected, 1t can be known that the beam 1s located 1n a certain
position of the holographic recording medium 900, as shown
in FIGS. 2A and 2B. However, the holographic interferogram
800 should be generated by an optical system. Several optical
systems capable of generating the holographic interferogram
800 are illustrated below.

Referring to FIG. 1A, 1t 1s an architectural view according,
to a first embodiment of the present invention. A light source
100 can emit a coherence light. The coherence light 1s split
into a reference light 101 and a signal light 103 after passing
through a first light guiding portion 200. The reference light
101 1s gmided by the first light guiding portion 200 to be
incident to the holographic recording medium 900 along a
first incidence direction, wherein the first incidence direction
1s a direction perpendicular to the holographic recording
medium 900 i this embodiment. The signal light 103 1s
incident to a spatial light modulator (SLM) 500 after being
splitted by the first light guiding portion 200, such that the
signal light 103 1s guided by a second light gmiding portion
300 to be incident to the holographic recording medium 900
along a second 1incidence direction after being modulated by
the SLM 500. The polarization state of the signal light 103 1s
the same as that of the reference light 101, and therefore,
when the reference light 101 and the signal light 103 are made
to interfere with one another 1n the recording layer 920 of the
holographic recording medium 900, a holographic interfero-
gram 800 1s generated, which is stored 1n the recording layer
920 of the holographic recording medium 900.

When the reference light 101 1s incident to the holographic
interferogram 800 along the first direction again, a repro-
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6

duced light 105 1s generated by the reference light 101. The
reproduced light 1035 1s incident to a two-dimensional 1image
sensor 350 along the path of the signal light 103, and then 1s
unscrambled.

A servo light guiding portion 420 1s used, such that the
reference light 101 1s guided to a sensing portion 600 after
being reflected by the reflective layer 950 of the holographic
recording medium 900, thereby the reference light 101 1s
converted to an electrical signal and transmuitted to the control
device 700. Then the control device 700 can analyze and
adjust a relative distance and oblique angle between the stor-
age and reproduction system and the holographic recording
medium 900. Furthermore, a servo light source 400 1s used to
produce a servo light 410, which 1s incident to the servo track
960 of the holographic recording medium 900 via a servo
light guiding portion 420. Then, the servo light 410 1s modu-
lated and reflected by the servo track 960, and received by the
sensing portion 600. Therefore, the reference light 101 1s
incident to the holographic recording medium 900 along the
first direction, and the holographic interferogram 800 can be
recorded on the recording layer 920 of the holographic
recording medium 900 along the servo track 960 sequentially.

The first light guiding portion 200 1s used to split the light
generated by the light source 100 into the signal light 103 and
the reference light 101, and guide the reference light 101 to be
incident to the holographic recording medium 900 along the
first direction. A polarization plate 210 1s disposed 1n front of
the light source 100, to select a light of a particular polariza-
tion, 1.e. a linear polarized light, from the light generated by
the light source 100. The linear polarized light 1s adjusted to
a particular polarization direction parallel to the paper, which
1s referred to as a P polarization. If the polarization state 1s a
particular polarization direction perpendicular to the paper, 1t
1s referred to as an S polarization. After passing through the
polarization plate 210, the light of the light source 100
becomes a linear polarized light 1n a P polarization state. The
linear polarized light is split into two lights via a beam splitter
220, 1.e. the signal light 103 and the reference light 101, which
both are 1n a P polarization state.

The second light guiding portion 300 1s used to guide the
signal light 103 passing through the SLM 500 to be incident
to the holographic recording medium 900 along the second
incidence direction. A lens and a reflective mirror set 310 1s
used, such that the propagation direction of the signal light
103 1s changed via the lens and the reflective mirror set 310,
and the signal light 103 1s incident to the holographic record-
ing medium 900 along the second incidence direction. A pin
hole 320 1s disposed between the lens and the reflective mirror
set 310, to filter the stray light from the signal light 103 and
the reproduced light 105. Therefore, the reference light 101
and the signal light 103 are incident to the recording layer 920
of the holographic recording medium 900 along the first
incidence direction and the second incidence direction
respectively, under the guidance of the first light guiding
portion 200 and the second light guiding portion 300. The
polarization states of the reference light 101 and the signal
light 103 are made to be consistent by the first light guiding
portion 200 and the second light guiding portion 300, there-
fore, the reference light 101 and the signal light 103 are made
to interfere with one another to generate the holographic
interferogram 800, which 1s stored in the recording layer 920.

Furthermore, an objective lens 230 1s further disposed 1n
the first light guiding portion 200, such that the reference light
101 appears as a convergent beam to be focused in the reflec-
tive layer 950 of the holographic recording medium 900, and
thus the reference light 101 can be reflected from the reflec-
tive layer 950 along the original path.
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In order to make the travel path of the reference light 101
when 1n a reproducing state be opposite to that of the refer-
ence light 101 when recording, such that when the reference
light 101 in reproduction passes through the holographic
interferogram 800 of the recording layer 920, a conjugate
reproduced light 105 1s generated, which 1s propagated along
the original path of the signal light 103. To obtain the conju-
gate reproduced light 1035, a first phase retardation plate 250
1s added 1n the first light guiding portion 200, and a second
phase retardation plate 330 1s added in the second light guid-
ing portion 300. The first phase retardation plate 250 1s dis-
posed at one side of the beam splitter 220, such that when a
part of the reference light 101 is incident to the first phase
retardation plate 250, its polarization state 1s changed to S
polarization, and 1t 1s referred to as a right reference light 101,
and a part of reference light 101 which does not pass through
the first phase retardation plate 250 maintains its polarization
state at P polarization, and 1t 1s referred to as a left reference
light 101. The second phase retardation plate 330 of the
second light guiding portion 300 1s disposed in the path of the
signal light 103. After 1t 1s incident to the SLM 500, then the
signal light 103 1s incident to the second phase retardation
plate 330, such as a /2A wave plate, therefore, the polarization
state of the signal light 103 can be changed to S polarization.
The polarization state of the part of the right reference light
101 passing through the first phase retardation plate 250 1s
also S polarization, and when it 1s incident to the reflective
layer 950 of the holographic recording medium 900, 1t will be
reflected ofl the holographic recording medium 900 towards
a reflection direction. However, as the signal light 103 1s
incident to the holographic recording medium 900 along the
second mcidence direction, the signal light 103 and the rnight
reference light 101 are intersected and made to interfere with
one another, thereby generating the holographic interfero-
gram 800, which 1s stored 1n the recording layer 920 of the
holographic recording medium 900, as shown 1n FIG. 1B.

The lett reference light 101 which does not pass through
the first phase retardation plate 250 maintains the polarization
state at P polarization. And similarly, when the left reference
light 1s incident to the reflective layer 950 of the holographic
recording medium 900, 1t will also be retlected off the holo-
graphic recording medium 900 towards a reflection direction.
The signal light 103 1s still incident to the holographic record-
ing medium 900 along the second incidence direction, and the
signal light 103 and the left reference light 101 are made to
intersect with one another, however, the polarization state of
the lett reference light 101 1s P polarnization while the polar-
ization state of the signal light 103 1s S polarization, and the
two polarization states are perpendicular to each other, there-
fore no 1nterference will be generated, as shown 1n FIG. 1C.

When reproduction 1s to be performed, when the leit ref-
erence light 101 which does not pass through the first phase
retardation plate 250 1s incident to the holographic recording,
medium 900, it passes through the holographic interferogram
800 and the reflective layer 950, and the leit reference light
101 1s reflected by the reflective layer 950 to pass through the
holographic interterogram 800 towards the retlection direc-
tion again, and leaves the holographic recording medium 900.
The travel path of the left reference light 101 1s opposite to
that of the nght reference light 10 when recording, therefore
a conjugate reproduced light 105 1s generated, which returns
along the original path of the signal light 103. As the conju-
gate reproduced light 105 1s generated by the left reference
light 101 1ncident to the holographic interferogram 800, the
polarization state of the conjugate reproduced light 105 1s
also P polarization. Therefore, when the conjugate repro-
duced light 105 returns along the original path of the signal
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light 103, 1t passes through the second phase retardation plate
330, and 1ts polarization state 1s changed to S polarization.
When the conjugate reproduced light 105 1s incident to the
first polarization beam splitter 340, as 1ts polarization state 1s
S polarization, 1t 1s reflected by the first polarization beam
splitter 340. A two-dimensional image sensor 350 1s disposed
at one side of the first polarization beam splitter 340 1n the
reflection direction of the conjugate reproduced light 105, to
receive and analyze the conjugate reproduced light 105, as
shown 1n FIG. 1D.

Furthermore, to endow the system with a feedback control,
a servo light source 400 and a servo light guiding portion 420
are used. The servo light source 400 can generate a servo light
410, wherein the wavelength of the servo light 410 1s different
from the wavelengths of the signal light 103 and the reference
light 101. The servo light guiding portion 420 comprises a
second polarizationpolarization beam splitter 430 and a dich-
roic prism 440. The second polarization beam splitter 430 1s
disposed between the beam splitter 220 and the first phase
retardation plate 250, such that the left reference light 101
which does not pass through the first phase retardation plate
250 1s 1ncident to the first phase retardation plate 250 to
change 1ts polarization state to S polarization, after being
reflected by the reflective layer 950 of the holographic record-
ing medium 900, and the left reference light 101 1s retlected
and diverted to be 1incident to a reference light sensor 610 of
a sensing portion 600 when 1t 1s incident to the second polar-
1zationpolarization beam splitter 430, thereby the leit refer-
ence light 101 1s converted to an electrical signal and trans-
mitted to a control device 700. When the right reference light
101 passing through the first phase retardation plate 250 1s
incident to and reflected by the reflective layer 950 of the
holographic recording medium 900, 1t 1s directly incident to
the second polarization beam splitter 430. As the polarization
state of the right reference light 101 1s changed to S polariza-
tion when passing through the first phase retardation plate
250, 1t1s alsoretlected and diverted by the second polarization
beam splitter 430 to be 1ncident to the reference light sensor
610 of the sensing portion 600. Either the left reference or the
right reterence light 101 will be reflected by the second polar-
1zation beam splitter 430 to be incident to the reference light
sensor 610 of the sensing portion 600, and be transmitted to
the control device 700. Therefore, the control device 700 can
analyze and adjust the relative distance and oblique angle
between the storage and reproduction system and the holo-
graphic recording medium 900.

The dichroic prism 440 1s used to separate the light with
different wavelengths, thus the reference light 101 can pass
through the dichroic prism 440 without being influenced.
However, when the servo light 410 1s incident to the dichroic
prism 440, 1t cannot pass through the dichroic prism 440 but
1s reflected completely. Theretore, the dichroic prism 440 1s
disposed between the beam splitter 220 and the second polar-
1zation beam splitter 430, and the servo light source 400 1s
disposed at one side of the dichroic prism 440. When the
servo light 410 generated by the servo light source 400 1s
incident to the dichroic prism 440, 1t 1s reflected and diverted
to be 1incident to a servo track 960 of the holographic record-
ing medium 900. Before 1t 1s incident to the holographic
recording medium 900, the servo light 410 passes through the
second polarization beam splitter 430, such that only the
servo light 410 with a polarization state of P polarization 1s
allowed to pass through. A part of the servo light 410 with the
polarization state of P polarization will pass through the first
phase retardation plate 250 to change 1ts polarization state to
S polarization, and 1s referred to as a right servo light 410, and
a part of servo light 410 which does not pass through the first
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phase retardation plate 250 maintains the polarization state at
P polarization, and 1s referred to as a lett servo light 410. After
it 1s incident to the servo track 960 of the holographic record-
ing medium 900, the right servo light 410 1s reflected by the
servo track 960 off the holographic recording medium 900,
and 1s incident to the second polarization beam splitter 430.
As the polarization state of the rnight servo light 410 1s S
polarization, 1t 1s retlected and diverted by the second polar-
ization beam splitter 430 to be incident to the servo light
sensor 630 of the sensing portion 600. The left servo light 410
does not pass through the first phase retardation plate and 1s
incident to the servo track 960 of the holographic recording
medium 900, and 1t 1s also reflected by the servo track 960 off
the holographic recording medium 900. After the left servo
light 410 passes through the first phase retardation plate 250,
its polarization state 1s changed to S polarization, such that the
lett servo light 410 1s reflected and diverted to be incident to
the servo light sensor 630 of the sensing portion 600 when 1t
1s incident to the second polarization beam splitter 430.
Theretore, either the left servo or the right servo light 410 will
be reflected by the second polarization beam splitter 430 to be
incident to the servo light sensor 630 of the sensing portion
600, for detecting a signal of the servo light 410 modulated by
the servo track 960; thereby the servo light 410 1s converted to
an electrical signal and transmitted to the control device 700,
for controlling the reference light 101 to be incident to the
holographic recording medium 900 along the first incidence
direction, and on the other hand, for moving the optical archi-
tecture or the holographic recording medium 900 such that
the holographic interferogram 800 1s recorded 1n the record-
ing layer 920 of the holographic recording medium 900 along
the servo track 960 sequentially, as shown i FIGS. 1A and
1B.

Furthermore, to prevent the servo track 960 and the focus
point of the reference light 101 from being overlapped and
causing scattering of the reference light 101 such that it 1s
unable to be reflected to be propagated to the reference light
sensor 610 of the sensing portion 600, the servo track 960 1s
separated from the focus point of the reference light 101 by a
small distance. However, to make the servo light 410 be
focused at the servo track 960, when the servo light 410 1s
incident to the dichroic prism 440 and 1s retlected, the servo
light 410 1s made to be incident to the holographic recording
medium 900 1n a slightly oblique angle. Therefore, when the
servo light 410 1s focused by the objective lens 230, 1t will not
be focused on the center axis ol the objective lens 230, but will
be focused on the servo track 960 seperated from the center
ax1s ol the objective lens 230 by a small distance, and then the
servo light 410 1s modulated and reflected by the servo track
960, as shown 1n FIG. 1A.

In this embodiment, the SLM 500 1s a transmissive SLM
500, such as a transmissive liquid crystal panel.

Referring to FIG. 4A, 1t 1s an architectural view according
to a second embodiment of the present invention. The archi-
tecture 1s similar to the first embodiment, and its components
will not be described any more, except only for that the first
phase retardation plate 250 covers the path of the entire ref-
erence light 101 beam, such that when the reference light 101
beam passes through the first phase retardation plate 250, its
polarization state 1s changed to S polarization, and then 1t 1s
incident to the holographic recording medium 900. After
passing through the second phase retardation plate 330, the
signal light 103 1s also 1incident to the holographic recording
medium 900 along the second incidence direction, and thus
the signal light 103 1s also 1n S polarization state. Therelore,
when the reference light 101 and the signal light 103 are
incident to the holographic recording medium 900 together,

10

15

20

25

30

35

40

45

50

55

60

65

10

they are made to interfere with one another to generate the
holographic interferogram 800.

A third phase retardation layer 940 1s further disposed 1n
the holographic recording medium 900. The third phase retar-
dation layer 940 changes the linear polarized light to a circu-
lar polarized light. I1 the circular polanized light passes the
third phase retardation layer 940 again, 1t will be changed to
linear polarized light again; however, the polarization direc-
tion of the linear polarized light at this time 1s perpendicular
to the polanization direction of the linear polarized light
which 1s not incident to the third phase retardation layer 940.
Theretfore, 1f P polarization 1s incident to the third phase
retardation layer 940 twice, it 1s changed to S polarization,
and the function of the third phase retardation plate 940 1s the
same as that of the first phase retardation plate 250. The third
phase retardation layer 940 1s disposed between the recording
layer 920 and the second substrate 930. When the reference
light 101 1s incident to the holographic recording medium
900, 1t passes through the recording layer 920 and the third
phaseretardation layer 940, and then 1s reflected by the reflec-
tive layer 950 to pass through the third phase retardation layer
940 again, such that the polarization state of the reference
light 101 incident to first phase retardation plate 250 1s
changed to S polarization. The reference light 101 passes
through the third phase retardation layer 940 twice to be
changed to P polarization, and 1s reflected off the holographic
recording medium 900 to pass through the first phase retar-
dation plate 250 again to change 1its polarization state to S
polarization again. Therefore, when passing through the sec-
ond polarization beam splitter 430, the reflected reference
light 101 1s reflected and diverted to be incident to the refer-
ence light sensor 610 of the sensing portion 600, as shown 1n
FIG. 4B.

The servo light 410 1s the same as the reference light 101.
After the servo light 410 1s incident to dichroic prism 440, 1t
1s reflected by the dichroic prism 440 to be incident to the
second polarization beam splitter 430, such that only the part
of the servo light 410 of P polarization can pass through, and
the servo light 410 1n P polarization state passes through the
first phase retardation plate 250 again to be changed to S
polarization. The servo light 410 1n S polarization state 1s
incident to the servo track 960 of the holographic recording
medium 900, and 1s reflected by the servo track 960. There-
fore, the servo light 410 passes the third phase retardation
layer 940 twice such that 1ts polarization state 1s changed to P
polarization again, and the servo light 410 1s incident to the
first phase retardation plate 250 again such that its polariza-
tion state 1s changed to S polarization again, and then the
servo light 410 1s reflected and diverted by the second polar-
ization beam splitter 430 to be incident to the servo light
sensor 630 of the sensing portion 600, for detecting the signal
of the servo light 410 being modulated by the servo track 960,
thereby the servo light 410 1s converted to an electrical signal
and transmitted to the control device 700. The control device
700 can move the optical architecture or the holographic
recording medium 900, such that the holographic interfero-
gram 800 can be recorded in the recording layer 920 of the
holographic recording medium 900 along the servo track 960
sequentially, as shown 1n FIGS. 4B and 5.

Referring to FIG. 6 A, 1t 1s an architectural view according
to a third embodiment of the present invention. The architec-
ture of this embodiment 1s similar to that of the first embodi-
ment, and will not be described any more. However, this
embodiment uses a retlective SLM 3500, such as a digital
micromirror device (DMD). After being splitted by the first
light guiding portion 200, the signal light 103 is incident to
the second phase retardation plate 330 of the second light
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guiding portion 300 to change 1ts polarization state to S polar-
1zation. Then the signal light 103 1s incident to the first polar-
1ization beam splitter 340 of the second light guiding portion
300. As 1ts polarization state 1s S polarization, the signal light
103 1s reflected and diverted by the first polarization beam
splitter 340 to be 1ncident to the lens and the reflective mirror
set 310, such that 1t 1s incident to the holographic recording
medium 900 along the second incidence direction, and 1s
made to interfere with the reference light 101 1n S polarization
state, thereby a holographic interferogram 800 1s generated.

If a reproduction 1s to be performed when reproducing,
when the left reference light 101 which does not pass through
the first phase retardation plate 250 1s 1ncident to the holo-
graphic recording medium 900, 1t will pass through the holo-
graphic interferogram 800 and the retlective layer 950, and
the lett reference light 101 1s reflected by the retlective layer
950 towards the reflection direction to pass through the holo-
graphic interferogram 800 again, and leaves the holographic
recording medium 900. The travel path of the left reference
light 101 15 opposite to that of the night reference light 101
when recording, therefore a conjugate reproduced light 105 1s
generated, which returns along the original path of the signal
light 103. As the conjugate reproduced light 103 1s generated
by the left reference light 101 incident to the holographic
interferogram 800, the polarization state of the conjugate
reproduced light 105 1s also P polarization. Therefore, when
the conjugate reproduced light 103 returns along the original
path of the signal light 103, 1t passes through the second phase
retardation plate 330 to change 1ts polarization state to S
polarization. When the conjugate reproduced light 105 1s
incident to the first polarization beam splitter 340, as the
polarization state of the conjugate reproduced light 105 15 S
polarization, 1t 1s reflected by the first polarization beam
splitter 340. A two-dimensional image sensor 350 1s placed at
one side of the first polarization beam splitter 340 1n a retlec-
tion direction of the conjugate reproduced light 103, to
receive and analyze the conjugate reproduced light 105, as
shown 1n FIG. 6B.

Referring to FIG. 7A, 1t 1s an architectural view according
to a fourth embodiment of the present invention. The archi-
tecture of this embodiment 1s also similar to that of the first
embodiment, and will not be described any more. This
embodiment uses a reflective SLM 500, such as a Liquid
Crystal on Silicon (LCOS) display panel. As the LCOS dis-
play panel 1s not provided with a polarization plate 210, when
the linear polarized light of P polarization 1s incident to the
LCOS, the desired modulated signal 1s reflected by the LCOS
display panel to be changed to S polarization. After being
splitted by the first light guiding portion 200, the signal light
103 1s 1incident to the first reflective mirror 360 of the second
light guiding portion 300, and then 1t 1s diverted to be incident
to the first polarization beam splitter 340. As the signal light
103 15 1n P polarization state, 1t can be incident to the SLM 500
through the first polarization beam splitter 340, and 1s
reflected by the SLM 500 to change 1its polarization state to S
polarization. Therefore, when the signal light 103 1s incident
to the first polarization beam splitter 340, 1t 1s reflected and
diverted by the first polarization beam splitter 340 to be
incident to the lens and the reflective mirror set 310, such that
the signal light 103 1s incident to the holographic recording
medium 900 along the second incidence direction, and 1s
made to interfere with the reference light 101 1n S polarization
state, thereby a holographic interferogram 800 1s generated.

When reproducing, when the left reference light 101 which
does not pass through the first phase retardation plate 250 1s
incident to the holographic interferogram 800, a reproduced
light 105 1s generated. The polarization state of the repro-
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duced light 105 1s P polarization, the same as that of the left
reference light 101. Therefore, when the reproduced light 105
1s guided by the lens and the reflective mirror set 310 to be
incident to the first polarization beam splitter 340, 1t pen-
ctrates the first polarization beam splitter 340 directly, and 1s
incident to the two-dimensional 1mage sensor 350, as shown
in FIG. 7B.

Referring to FIG. 8 A, 1t 1s an architectural view according
to a fifth embodiment of the present invention. The architec-
ture of this embodiment 1s similar to that of the first embodi-
ment, and will not be described any more. However, this
embodiment uses a different servo light guiding portion 420,
which comprises a second polarization beam splitter 430 and
a servo light retlective mirror set 450. The second polarization
beam splitter 430 1s disposed between the beam splitter 220
and the first phase retardation plate 250, such that after the left
reference light 101 which does not pass through the first phase
retardation plate 250 1s retlected by the holographic recording
medium 900, it passes through the first phase retardation plate
250 to change 1ts polarization state to S polarization. When
the left reference light 101 1s 1ncident to the second polariza-
tion beam splitter 430, it 1s reflected and diverted to be inci-
dent to the reference light sensor 610 of the sensing portion
600, such that the left reference light 101 1s converted to an
clectrical signal and transmitted to the control device 700.
Furthermore, after the right reference light 101 passes
through the first phase retardation plate 250, 1ts polarization
state 1s changed to S polarization. And aiter the right refer-
ence light 101 1s incident to the holographic recording
medium 900 and reflected, it does not pass through the first
phase retardation plate 250, but 1s directly incident to the
second polarization beam splitter 430. Also, the right refer-
ence light 101 1s reflected and diverted by the second polar-
ization beam splitter 430 to be incident to the reference light
sensor 610 of the sensing portion 600. Therefore, the refer-
ence light 101 can be 1ncident to reference light sensor 610
alter being reflected by the holographic recording medium
900, and the reference light sensor 610 transmaits the signal to
the control device 700, such that the control device 700 can
analyze and adjust the relative distance and oblique angle
between the storage and reproduction system and the holo-
graphic recording medium 900.

Furthermore, a servo light reflective mirror set 4350 1s pro-
vided, for making a servo light 410 generated by the servo
light source 400 be diverted to appear as a convergent beam
by passing through the objective lens 230, and be incident to
the holographic recording medium 900. The objective lens
230 1s a bifocal objective lens 240, that 1s, the bifocal objec-
tive lens 240 has different focal lengths for different wave-
lengths. The reference light 101 1s incident to the center of the
bitocal objective lens 240, and the servo light 410 1s incident
around the bifocal objective lens 240, therefore, the bifocal
objective lens 240 makes the focal length of the reference
light 101 be different from that of the servo light 410. As such,
the center focal length of the bifocal objective lens 240 1s
different from the circumiferential focal length. Although the
tocal lengths are different, the focal points are both located on
the axis of the bifocal objective lens 240. Therefore, the servo
track 960 of the holographic recording medium 900 1s located
on the axis of the bifocal objective lens 240, and when the
reference light 101 and the servo light 410 are incident to the
holographic recording medium 900 together, the reference
light 101 cannot be reflected by the reflective layer 950, but is
directly incident to the servo track 960, such that the reference
light 101 1s modulated by the servo track 960, and the refer-
ence light 101 cannot be continuously reflected into the ret-
erence light sensor 610, thus the control device 700 cannot
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monitor and control the intensity of the reference light 101
ever and again, and cannot adjust 1t 1n a timely manner.
Theretfore, awavelength selection f1lm 980 1s further disposed
between the recording layer 920 and the reflective layer 950
in the holographic recording medium 900. The wavelength
selection film 980 can reflect the reference light 101, while
allows the servo light 410 to pass through. Moreover, an
interlayer 990 1s further disposed at two sides of the wave-
length selection film 980 respectively, such that the reference
light 101 can be focused on the wavelength selection film 980
between 1t and one mterlayer 990. The servo light 410 passes
through the wavelength selection film 980 and 1s focused on
the servo track 960, to ensure a preferred reflection etiect.

After being reflected by the wavelength selection film 980
of the holographic recording medium 900, the reference light
101 1s incident to the bifocal objective lens 240 and the second
polarization beam splitter 430. The servo light 410 passes
through the wavelength selection film 980 of the holographic
recording medium 900, and 1s 1ncident to the servo track 960
of the holographic recording medium 900 and reflected by the
servo track 960, and then it 1s incident to the servo light sensor
630 of the sensing portion 600 via the servo light reflective
mirror set 450. Thereby, the servo light 410 1s converted to an
clectrical signal and transmitted to the control device 700,
such that the reference light 101 1s incident to the holographic
recording medium 900 along the first incidence direction, and
the holographic interferogram 800 1s sequentially recorded in
the holographic recording medium 900 along the servo track
960, as shown 1n FIG. 8B.

When reproduction 1s to be performed, when the left ref-
erence light 101 which does not pass through the first phase
retardation plate 250 1s incident to the holographic recording
medium 900, 1t passes through the holographic interferogram
800 and the reflective layer 950, and 1s reflected by the retlec-
tive layer 950 to pass through the holographic interferogram
800 towards the reflection direction, and leaves the holo-
graphic recording medium 900. The travel path of the left
retference light 101 1s opposite to that of the right reference
light 101 when recording. Therefore, a conjugate reproduced
light 105 1s generated, which returns along the original path of
the signal light 103. As the conjugate reproduced light 105 1s
generated by the left reference light 101 incident to the holo-
graphic interferogram 800, the polarization state of the con-
jugate reproduced light 105 1s also P polarization. Therefore,
when the conjugate reproduced light 105 returns along the
original path of the signal light 103, 1t passes through the
second phase retardation plate 330 to change its polarization
state to S polarization. When the conjugate reproduced light
105 1s incident to the first polarization beam splitter 340, as
the polarization state of the conjugate reproduced light 105 1s
S polarization, 1t 1s reflected by the first polarization beam
splitter 340. A two-dimensional image sensor 350 1s placed at
one side of the first polarization beam splitter 340 1n the
reflection direction of the conjugate reproduced light 105, to
receive and analyze the conjugate reproduced light 105, as
shown 1n FIG. 8C.

Referring to FIG. 9, 1t 1s an architectural view according to
a s1xth embodiment of the present invention. The architecture
in this embodiment 1s also similar to the first embodiment,
and will not be described any more. In this embodiment, the
beam splitter 220 of the first light guiding portion 200 of the
first embodiment 1s changed to a third polarization beam
splitter 260, which can replace the polarization plate and the
beam splitter 220 disposed 1n front of the light source 100,
such that after passing through the third polarization beam
splitter 260, the light generated by the light source 100 1s split
into two lights, 1.e. the reference light 101 and the signal light
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103. The polarization states of the two lights are P polariza-
tion and S polarization, which are perpendicular to each other.
To change the polarization state of the signal light 103 1nci-
dent to the SLM 500 to P polarization, a fourth phase retar-
dation plate 370 1s disposed at one side of the third polariza-
tion plate 210 1n the path of the signal light 103, such that the
polarization state of the signal light 103 i1s changed to P
polarization, and thus the transmission modes of the signal
light 103 and the reference light 101 are the same as that of the
first embodiment.

Furthermore, another difference between this embodiment
and the first embodiment 1s the servo light guiding portion
420. The servo light guiding portion 420 comprises a polar-
ization plate, a dichroic prism 440, a second polarization
beam splitter 430, and a secondary dichroic prism 460. The
polarization plate 210 1s disposed 1n front of the servo light
source 400, such that the light generated by the servo light
source 400 1s changed to P polarization. The dichroic prism
440 1s disposed between the light source 100 and the third
polarization beam splitter 260. The second polarization beam
splitter 430 1s disposed between the third polarization beam
splitter 260 and the first phase retardation plate 250. After
being changed to P polarization, the servo light 410 1s incident
to the dichroic prism 440, which 1s used to separate light with
different wavelengths, such that the wavelength of the refer-
ence light 101 can penetrate the dichroic prism 440. Although
the dichroic prism 440 1s disposed 1n the path of the reference
light 101, the reference light 101 1s not influenced. As for the
servo light 410, after it 1s incident to the dichroic prism 440,
the servo light 410 1s reflected and diverted by the dichroic
prism 440 to be incident towards the holographic recording
medium 900 at a slight oblique angle. A part of the servo light
410, 1.¢. the rnight servo light 410, 1s incident to the first phase
retardation plate 250 at first to change 1ts polarization state to
P polarization, and 1s then incident to the holographic record-
ing medium 900 and retlected by the servo track 960 of the
holographic recording medium 900. The other part of the
servo light 410, 1.e. the left servo light 410, 1s incident to the
holographic recording medium 900 at first, and 1s also 1nci-
dent to the first phase retardation plate 250, after being
reflected by the holographic recording medium 900, thus the
former left servo light 410 1n P polarization state 1s changed to
a left servo light 410 1n S polarization state, and the left servo
light 410 1n S polarization state 1s reflected when 1t 1s incident
to the second polarization beam splitter 430.

The second polarization beam splitter 430 1s disposed
between the third polarization beam splitter 260 and the first
phase retardation plate 250. After the left reference light 101
which does not pass through the first phase retardation plate
250 1s retlected by the holographic recording medium 900, 1t
passes through the first phase retardation plate 250 to change
its polarization state to S polarization. The left reference light
101 1s incident to the second polarization beam splitter 430
and 1s then reflected. After 1t 1s incident to the holographic
recording medium 900 and reflected, the right servo light 410
directly incident to the holographic recording medium 900 1s
incident to the first phase retardation plate 250 to change 1ts
polarization state, and 1s retlected and diverted by the second
polarization beam splitter 430.

After the reference light 101 and the servo light 410 are
reflected by the holographic recording medium 900 and the
second polarization beam splitter 430, they should be sepa-
rated and obtained respectively. A secondary dichroic prism
460 1s disposed at one side of the second polarization beam
splitter 430, such that after being splitted and reflected by the
second polarization beam splitter 430, the reference light 101
and the servo light 410 are both incident to the secondary
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dichroic prism 460, the property of the secondary dichroic
prism 460 1s the same as that the dichroic prism 440. The
reference light 101 passes through the secondary dichroic
prism 460 directly, and 1s directly incident to the reference
light sensor 610 of the sensing portion 600. The servo light
410 1s reflected and diverted by the secondary dichroic prism
460 to the servo light sensor 630 of the sensing portion 600.
As such, the reference light 101 and the servo light 410 are
converted by the sensing portion 600 to electrical signals and
transmitted to the control device 700 respectively. The refer-
ence light 101 1s adjusted by the control device 700 to be
perpendicularly 1incident to the holographic recording
medium 900, and the holographic interferogram 800 1s
sequentially recorded 1n the holographic recording medium
900 along the servo track 960.

The above embodiments can be used for increasing storage
capacity in combination with various multiplexing mecha-
nisms, such as an angle multiplexing as shown in FIGS. 3A
and 3B.

Referring to FI1G. 10A, 1t 1s an architectural view according
to a seventh embodiment of the present invention. A holo-
graphic storage and reproduction system ol the present inven-
tion 1s used to store the holographic interference signal in a
holographic recording medium 900. A light source 100 can
generate a signal light 103 and a reference light 101 which are
parallel to each other, and the signal light 103 and the refer-
ence light 101 are both perpendicularly incident to the holo-
graphic recording medium 900. Before the signal light 103
and the reference light 101 are incident to the holographic
storage, the signal light 103 and the reference light 101 pass
through the objective lens 230, such that the signal light 103
and the reference light 101 appear as convergent beams and
are 1ncident to the holographic recording medium 900
together. A SLM 500 1s located in the path of the signal light
103, such that after the signal light 103 1s incident to the SLM
500, 1t passes through the objective lens 230 to be made to
interfere with the reference light, thereby generating a holo-
graphic mterferogram 800 and storing 1t 1n the holographic
recording medium 900.

When the reference light 101 1s perpendicularly incident to
the holographic iterferogram 800 again, a reproduced light
105 1s generated, which 1s incident to the image sensor along
the path of the signal light 103. Then, the stored data can be
obtained by reading the 1mage sensor.

To guide the signal light 103 and the reference light 101 to
be icident perpendicular to the holographic recording
medium 900, a first light guiding portion 200 and a second
light guiding portion 300 are used to achieve the object. The
first light guiding portion 200 comprises a polarization plate
210 and a splitter component 270, and the second light guid-
ing portion 300 comprises a polarization beam splitter 220
and a phase retardation plate.

The polarization plate 210 of the first light guiding portion
200 1s disposed 1n front of the light source 100, such that after
passing through the polarization plate 210, the light generated
by the light source 100 1s changed to a linear polarized light in
P polarization state, and the linear polarized light passes
through the splitter component 270 to be split into a reference
light 101 and a signal light 103 which are parallel to each
other. The reference light 101 1s 1ncident to the first polariza-
tion beam splitter 340 of the second light guiding portion 300
disposed 1n the path of the reference light 101 at first. As 1ts
polarization state 1s P polarization, the reference light 101
passes through the first polarization beam splitter 340
directly, and then passes through the phase retardation plate
disposed at one side of the first polarization beam splitter 340.
The linear polarized light 1s changed to a circular polarized
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light by the phase retardation plate. When the circular polar-
1zed light 1s reflected to pass through the phase retardation
plate again, 1t 1s changed to a linear polarized light with a
polarization state perpendicular to the former linear polarized
light. For example, after the linear polarized light 1n P polar-
1zation state passes through the phase retardation plate, 1t 1s
changed to a left circular polarized light, and after the left
circular polarized light 1s retlected, 1t 1s changed to a right
circular polarized light, and when the right circular polarized
light passes through the phase retardation plate, 1t 1s changed
to S polarization. The phase retardation plate with such a
property 1s, such as a 4A wave plate. When the reference light
101 passes through the phase retardation plate, 1t 1s changed
to a circular polarized light. Furthermore, after the signal light
103 passes through the SLM 500, 1t also passes through the
phase retardation plate, and 1ts polarization state 1s also
changed to a circular polarized light. After being splitted by
the splitter component 270, the reference light 101 and the
signal light 103 are symmetrically propagated along the cen-
tral axis of the objective lens 230. After passing through the
phase retardation plate, the reference light 101 and the signal
light 103 both pass through the objective lens 230 to make the
beams thereol appear a convergent form, and they are
reflected towards the holographic recording medium 900.
The paths of the reference light 101 and the signal light 103
are overlapped, and they are propagated towards opposite
directions. As the polarization states of the reference light 101
and the signal light 103 are both circular polarized light, an
interference will be generated. Therefore, the holographic
interferogram 800 1s generated 1n the holographic recording
medium 900 by the reference light 101 and the signal light
103, as shown 1n FIG. 10C.

When reproducing, after the reference light 101 1s incident
to the holographic interferogram 800, a reproduced light 1035
1s generated and propagated along the original path of the
signal light 103. The polarization state of the reproduced light
105 15 also a circular polarized light. When the reproduced
light 1035 passes through the phase retardation plate, the polar-
ization state 1s changed to S polarization. Through the first
polarization beam splitter, the reproduced light 105 will be
reflected and diverted to be incident to the two-dimensional
image sensor 350, such that the reproduced light 1035 1s con-
verted to a reproduced signal, and the stored data can be read
out.

Furthermore, to endow the system with a feedback control,
a servo light 410 and a servo light guiding portion 420 are
used. The servo light source 400 can generate a servo light
410, wherein the wavelength of the servo light 410 1s different
from the wavelengths of the signal light 103 and the reference
light 101. The servo light guiding portion 420 comprises a
dichroic prism 440 and a second polarization beam splitter
430. The dichroic prism 440 1s used to separate light with
different wavelengths. Theretfore, the reference light 101 can
pass though the dichroic prism 440 directly, while the servo
light 410 1s reflected. The dichroic prism 440 1s disposed 1n
the path of the reference light 101. Therefore, the reference
light 101 passes through the dichroic prism 440 without being
influenced, while the servo light 410 1s diverted to pass
through the first polarization beam splitter 340 and the phase
retardation plate after 1t 1s incident to the dichroic prism 440
and reflected, and 1s 1incident to the servo track 960 of the
holographic recording medium 900, and passes through a
second polarization beam splitter 430 disposed in the path of
the signal light 103. After the servo light 410 1s reflected by
the servo track 960, 1t passes through the phase retardation
plate to change 1ts polarization state to S polarization. When
the servo light 410 1s incident to the second polarization beam




US 7,859,970 B2

17

splitter 430, 1t 1s reflected and diverted to be incident to the
servo light sensor 630 of sensing portion 600, such that the
servo light 410 1s converted to an electrical signal and trans-
mitted to the control device 700. The control device 700
makes the reference light 101 be perpendicularly incident to
the holographic recording medium 900, and the holographic
interferogram 800 be sequentially recorded in the holo-
graphic recording medium 900 along the servo track 960.

When reference light 101 1s reflected by the holographic
recording medium 900 and passes through the phase retarda-
tion plate again, the polarization state of the reference light
101 1s changed to S polarization again. When the reference
light 101 1s 1ncident to the second polarization beam splitter
430, 1t 1s reflected and diverted by the second polarization
beam splitter 430 to be incident to the reference light sensor
610 of the sensing portion 600, such that the reference light
101 1s converted to an electrical signal and transmuitted to the
control device 700, and the control device 700 can analyze
and adjust the relative distance and oblique angle between the
storage and reproduction system and the holographic record-
ing medium 900, as shown in FIG. 10B.

In order to make the servo light 410 which 1s not 1n P
polarization state be retlected and diverted by the first polar-
1zation beam splitter 340 to be incident to other component to
cause an 1nterference when the servo light 410 1s 1incident to
the first polarization beam splitter 340, a second polarization
plate 470 1s added 1n the servo light guiding portion 420,
which 1s disposed in front of the servo light source 400, for
making the servo light 410 be a linear polarized light in a P
polarization state.

The aforementioned splitter component 270 uses a board
271 with a first hole 273 and a second hole 275 opened
therein. When the linear polarized light generated by the light
source 100 passes through the first hole 273 and the second
hole 275, 1t 1s split into a signal light 103 and a reference light
101, which are parallel to each other and symmetrical about
the central axis of the objective lens 230.

The SLM 500 of this embodiment 1s a transmissive SLM
500, such as a transmissive liquid crystal panel.

Several embodiments are provided above directed to a
holographic storage and reproduction system to achieve the
teedback control, such that the holographic storage 1s more
accurate, and through the servo mechanism, 1t 1s traceable
when reading and storing, thereby storing and reproducing
data quickly can be achieved.

Referring to FIG. 11, the present invention further provides
a holographic optical storage and reproduction method,
which comprises the following steps:

producing a servo light (Step 20); guiding the servo light to
be mcident to the servo track of the holographic recording,
medium (Step 21); further producing a reference light when
the servo light 1s located 1n a expected recording address, and
making the reference light be incident to the holographic
recording medium along a first incidence direction (Step 22);
reflecting and receiving the reference light, analyzing 1t to
readjust the relative distance and oblique angle between the
entire optical architecture and the holographic recording
medium, such that the reference light 1s incident to the holo-
graphic recording medium in the first incidence direction
(Step 23); adjusting the reference light reflected by the holo-
graphic recording medium to be retlected along the original
path (Step 24); generating a signal light, modulating the sig-
nal light by the SLM, and diverting the signal light, such that
the signal light 1s incident to the holographic recording
medium along a second incidence direction to be made to
interfere with the reference light, thereby generating a holo-
graphic interferogram, which 1s recorded continuously in the
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holographic recording medium along the servo track (Step
235); and turning oif the reference light and the signal light,
maintaining the servo light to be turned on, recewving the
reflected servo light by the sensor, and analyzing it to readjust
the entire optical architecture, such that the mcident servo
light 1s focused on the servo track of the holographic record-
ing medium, and moves continuously around the servo track,
and decoding the address and other data on the servo track
(Step 26).

Referring to FI1G. 12, guiding the servo light to be incident
to the servo track of the holographic recording medium (Step
21) comprises the following steps: diverting the servo light to
be incident to the reflective layer of the holographic recording,
medium, and reflecting the servo light (Step 31); receiving the
reflected servo light by the sensor (Step 32); analyzing it to
adjust the entire optical architecture, such that the incident
servo light changes 1ts position focused in the holographic
recording medium, and 1s incident to the servo track of the
holographic recording medium, and continuously moves
around the servo track (Step 33); and decoding the address
and other data on the servo track (Step 34).

Referring to FIG. 13, another holographic optical storage
and reproduction method 1s provided, which comprises the
following steps:

generating a servo light (Step 20); gmiding the servo light to
be 1ncident to the servo track of the holographic recording
medium (Step 21); generating a reference light when the
servo light 1s located i a expected recording address, and
making the reference light be incident to the holographic
recording medium along the first incidence direction (Step
22); reflecting and recerving the reference light, analyzing 1t
to adjust the relative distance and oblique angle between the
entire architecture and the holographic recording medium,
such that the reference light 1s incident to the holographic
recording medium along the first incidence direction (Step
23); adjusting the reference light reflected by the holographic
recording medium to be reflected along the direction which 1s
symmetric to the original path (Step 24); generating a signal
light, modulating the signal light by the SLLM, and diverting
the signal light, such that the signal light 1s incident to the
holographic recording medium along the direction parallel to
the reference light (Step 40); converging the reference light
and the signal light into the holographic recording medium,
such that they are made to interfere with one another, thereby
generating the holographic interferogram, which 1s continu-
ously recorded 1n the holographic recording medium along
the servo track (Step 41); and turning oil the reference light
and the signal light, maintaining the servo light to be turned
on, receiving the reflected servo light by the sensor, and
analyzing 1t to readjust the entire optical architecture, such
that the mncident servo light 1s focused on the servo track of the
holographic recording medium, and moves continuously
around the servo track, and decoding the address and other
data on the servo track (Step 26).

Referring back to FIG. 12, gmiding the servo light to be
incident to the servo track of the holographic recording
medium (Step 21) comprises the following steps: diverting
the servo light to be 1ncident to the reflective layer of the
holographic recording medium, and reflecting the servo light
(Step 31); recewving the reflected servo light by the sensor
(Step 32), and analyzing 1t to adjust the entire optical archi-
tecture, such that the incident servo light changes the position
focused 1n the holographic recording medium, to be incident
to the servo track of the holographic recording medium, and
continuously move around the servo track (Step 33); and
decoding the address and other data on the servo track (Step

34).
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The invention being thus described, 1t will be obvious that
the same may be varied 1n many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the
scope of the following claims.

What 1s claimed 1s:
1. A holographic storage and reproduction system with a
SErvo, comprising:

a holographic recording medium;

a light source, for generating a signal light and a reference
light, wherein the reference light 1s incident to the holo-
graphic recording medium along a first incidence direc-
tion;

a spatial light modulator (SLM), located 1n the signal light
path, such that the signal light 1s incident to the holo-
graphic recording medium along a second incidence
direction after the signal light 1s incident to the SLM, and
1s made to interfere with the reference light, thereby
generating a holographic interferogram in the holo-
graphic recording medium;

wherein, when the reference light 1s incident to the holo-
graphic interferogram along the first incidence direction
again, a reproduced light 1s generated and incident to an
image sensor along the signal light path;

a servo light guiding portion, for guiding the reference light
to a sensing portion aiter being reflected by the holo-
graphic recording medium for analyzing and adjusting
the relative distance and oblique angle between the stor-
age and reproduction system and the holographic
recording medium; and

a servo light source, for generating a servo light, wherein
the servo light 1s incident to a servo track of the holo-
graphic recording medium through the servo light guid-
ing portion, reflected by the servo track, and recerved by
the sensing portion, such that the reference light 1s
adjusted to be incident to the holographic recording
medium along the first incidence direction, and the holo-
graphic interferogram i1s continuously recorded in the
holographic recording medium along the servo track.

2. The holographic storage and reproduction system with a
servo as claimed 1n claim 1, further comprising a first light
guiding portion and a second light gmiding portion, wherein
the first light guiding portion 1s disposed 1n front of the light
source, such that the light generated by the light source 1s split
into the signal light and the reference light after passing
through the first light guiding portion, and the first light
guiding portion makes the reference light be incident to the
holographic recording medium along the first incidence
direction, and the second light guiding portion guides the
signal light to be incident to the holographic recording
medium along the second incidence direction atter the signal
light 1s 1ncident to the SLM.

3. The holographic storage and reproduction system with a
servo as claimed 1n claim 2, wherein the first light guiding
portion comprises:

a polarization plate, disposed 1n front of the light source,
for generating a linear polarized light after the light
generated by the light source passes through the polar-
1zation plate; and

a beam splitter, for splitting the linear polarized light inci-
dent to the beam splitter into the signal light and the
reference light, wherein the reference light 1s incident to
the holographic recording medium along the first inci-
dence direction;
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a first phase retardation plate, disposed at one side of the
beam splitter, for making a part of the reference light be
incident to the first phase retardation plate to change 1ts
polarization state; and

the second light guiding portion comprises:

a second phase retardation plate, disposed in the signal
light path, wherein after the signal light 1s incident to the
SL.M, the signal light 1s incident to the phase retardation
plate again, to change its polarization state to be the
same as the polarization state of the reference light,
thereby generating the holographic interferogram when
the part of the reference light and the signal light are
overlapped 1n the holographic recording medium;

a first polarization beam splitter, for generating the repro-
duced light when part of the reference light which does
not pass through the first phase retardation plate is 1nci-
dent to the holographic interferogram, and making the
reproduced light be 1ncident to the second phase retar-
dation plate via lenses and reflective mirror sets to
change 1ts polarization state, such that the reproduced
light 1s reflected and diverted when the reproduced light
1s incident to the first polarization beam splitter; and

the 1mage sensor, being a two-dimensional 1mage sensor,
disposed at one side of the first polarization beam split-
ter, for receiving the reproduced light reflected and
diverted by the first polarization beam splitter.

4. The holographic storage and reproduction system with a
servo as claimed 1n claim 3, wherein the servo light guiding,
portion comprises:

a second polarization beam splitter, disposed between the
beam splitter and the first phase retardation plate, for
making part of the reference light which does not pass
through the first phase retardation plate be incident to the
first phase retardation plate after being reflected by the
holographic recording medium, to change 1ts polariza-
tion state, making the part of the reference light be
incident to the second polarization beam splitter and be
reflected and diverted to be incident to the sensing por-
tion, and making a part of the reference light passing
through the first phase retardation plate change 1ts polar-
1zation state to be incident to the second polarization
beam splitter after being retlected by the holographic
recording medium, and be reflected and diverted to be
incident to the sensing portion, such that the reference
light 1s converted to a first electrical signal and transmiut-
ted to a control device, for analyzing and adjusting the
relative distance and oblique angle between the storage
and reproduction system and the holographic recording,
medium; and

a servo light reflective mirror set, for diverting the servo
light to appear as a convergent beam through the objec-
tive lens and to be incident to the holographic recording
medium, wherein the servo light passes through a wave-
length selection film of the holographic recording
medium, and 1s 1incident to the servo track of the holo-
graphic recording medium, the servo light1s reflected by
the servo track, and then 1s incident to the sensing por-
tion through the servo light reflective mirror set, to con-
vert the servo light to an electrical signal and transmit the
second electrical signal to the control device, such that
the reference light 1s adjusted by the control device to be
perpendicularly incident to the holographic recording
medium, and the holographic interferogram is recorded
in the holographic recording medium along the servo
track sequentially.
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5. The holographic storage and reproduction system with a

servo as claimed in claim 2, wherein the first light guiding
portion further comprises:

a polarization plate, disposed 1n front of the light source,
for generating a linear polarized light after the light
generated by the light source passes through the polar-
1zation plate; and

a beam splitter, for splitting the linear polarized light inci-
dent to the beam splitter into the signal light and the
reference light, wherein the reference light 1s incident to
the holographic recording medium along the first inci-
dence direction; and

a first phase retardation plate, disposed at one side of the
beam splitter, for making a part of the reference light be
incident to the first phase retardation plate to change 1ts
polarization state; and

the second light gmiding portion further comprises:

a second phase retardation plate, disposed 1n the signal
light path, wherein after the signal light 1s incident to the
SLM, the signal light 1s incident to the second phase
retardation plate, to change to the polarization state of
the signal light to be the same as the polarization state of
the reference light, for generating the holographic inter-
ferogram when the part of the reference light and the
signal light are overlapped 1n the holographic recording
medium;

a first polarization beam splitter, disposed m the signal light
path, for generating the reproduced light when the part
of the reference light which does not pass through the
first phase retardation plate 1s incident to the holographic
interferogram, and making the reproduced light be 1nci-
dent to the second phase retardation plate via lenses and
reflective mirror sets to change 1ts polarization state,
such that the reproduced light 1s reflected and diverted
when the reproduced light 1s incident to the first polar-
1zation beam splitter; and

the 1image sensor, being a two-dimensional 1mage sensor,
disposed at one side of the first polarization beam split-
ter, for recerving the reproduced light reflected and
diverted by the first polarization beam splitter.

6. The holographic storage and reproduction system with a

servo as claimed 1n claim 5, wherein the servo light guiding
portion comprises:

a second polarization beam splitter, disposed between the
beam splitter and the first phase retardation plate, for
making the part of the reference light which does not
pass through the first phase retardation plate be reflected
by the holographic recording medium to change its
polarization state, and then be incident to the second
polarization beam splitter, and retlected and diverted to
be incident to a sensing portion, such that the reference
light 1s converted to a first electrical signal, and trans-
mitted to a control device, for analyzing and adjusting
the relative distance and oblique angle between the stor-
age and reproduction system and the holographic
recording medium; and

a dichroic prism, for separating light with different wave-
lengths, wherein the servo light 1s incident to the dich-
roic prism, and reflected and diverted to be mncident to
the servo track of the holographic recording medium,
and after the servo light 1s modulated by the servo track,
the servo light 1s reflected to be incident to the first phase
retardation plate to change its polarization state, and
then the servo light 1s incident to the second polarization
beam splitter and reflected and diverted to be incident to
the sensing portion, such that the servo light1s converted
to an electrical signal and transmitted to the control
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device, the reference light 1s adjusted by the control
device to be incident to the holographic recording
medium along the first incidence direction, and the holo-
graphic interferogram 1s recorded in the holographic
recording medium along the servo track sequentially.
7. The holographic storage and reproduction system with a

servo as claimed 1n claim 2, wherein the first light guiding
portion further comprises:

a polarization plate, disposed 1n front of the light source,
for generating a linear polarized light after the light
generated by the light source passes through the polar-
1zation plate;

a beam splitter, for splitting the linear polarized light inci-
dent to the beam splitter into the signal light and the
reference light, wherein the reference light 1s incident to
the holographic recording medium along the first 1nci-
dence direction; and

a first phase retardation plate, disposed at one side of the
beam splitter, for making the reference light be incident
to the first phase retardation plate to change its polariza-
tion state; and

the second light guiding portion further comprises:

a second phase retardation plate, disposed 1n the signal
light path, wherein after the signal light 1s incident to the
SL.M, the signal light 1s incident to the phase retardation
plate, to change 1its polarization state to be the same as
the polarization state of the reference light, and the holo-
graphic interferogram 1s generated when the reference
light and the signal light are overlapped 1n the holo-
graphic recording medium;

a first polarization beam splitter, disposed 1n the signal light
path, for changing the polarization state of the reference
light when the reference light passes through the first
phase retardation plate, wherein the reference light 1s
incident to a third phase retardation layer and a retlective
layer of the holographic recording medium, and 1is
reflected to pass through the third phase retardation layer
again, thus when the polarization state of the reference
light 1s changed again and the reference light passes
through the holographic interferogram, the reproduced
light 1s generated, and 1s incident to the second phase
retardation plate via lenses and reflective mirror sets to
change the polanization state of the reproduced light,
such that the reproduced light 1s retlected and diverted
when the reproduced light 1s incident to the polarization
beam splitter; and

the 1image sensor, being a two-dimensional 1mage sensor,
disposed at one side of the first polarization beam split-
ter, for recerving the reproduced light reflected and
diverted by the first polarization beam splitter.

8. The holographic storage and reproduction system with a

servo as claimed in claim 7, wherein the servo light guiding
portion comprises:

a second polarization beam splitter, disposed between the
beam splitter and the first phase retardation plate,
wherein the reference light passes through a third phase
retardation layer of the holographic recording medium,
and 1s reflected by the holographic recording medium to
pass through the third phase retardation layer again, such
that when the reference light changes 1its polarization
state again and 1s incident to the second polarization
beam splitter, the reference light passes through the first
phase retardation plate to change 1ts polarization state
again, and 1s reflected by the second polarization beam
splitter to be diverted to be incident to a sensing portion,
such that the reference light 1s converted to a first elec-
trical signal and transmitted to a control device by the
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sensing portion, for analyzing and adjusting the relative
distance and oblique angle between the storage and
reproduction system and the holographic recording
medium; and

a dichroic prism, for separating light with different wave-
lengths, wherein after the servo light 1s incident to the
dichroic prism and reflected and diverted to be incident
to a third phase retardation layer of the holographic
recording medium, and the servo light 1s incident to the
servo track of the holographic recording medium, and
aiter being modulated by the servo track, the servo light
1s reflected to pass through the third phase retardation
layer again to change 1ts polarization state, and then be
incident to the first phase retardation plate to change 1ts
polarization state again, thus the servo light 1s reflected
and diverted to be 1incident to the sensing portion when
the servo light 1s incident to the second polarization
beam splitter, to be converted to a second electrical
signal and transmitted to the control device, thereby the
reference light 1s adjusted by the control device to be
perpendicularly incident to the holographic recording
medium, and the holographic interferogram 1s recorded
in the holographic recording medium along the servo
track sequentially.

9. The holographic storage and reproduction system with a

servo as claimed 1n claim 2, wherein the first light guiding
portion further comprises:

a polarization plate, disposed 1n front of the light source,
for generating a linear polarized light after the light
generated by the light source passes through the polar-
1zation plate; and

a beam splitter, for splitting the linear polarized light inci-
dent to the beam splitter into the signal light and the
reference light, wherein the reference light 1s incident to
the holographic recording medium along the first inci-
dence direction; and

a {irst phase retardation plate, disposed at one side of the
beam splitter, for making a part of the reference light be
incident to the first phase retardation plate to change 1ts
polarization state; and

the second light gmiding portion further comprises:

a second phase retardation plate, disposed 1n the signal
light path, wherein the signal light passes through the
second phase retardation plate to change 1ts polarization
state to be the same as the polarization state of the
reference light, and the signal light 1s incident to the
SLM;

a first polarization beam splitter, wherein when the signal
light 1s reflected and diverted by the SLM to be incident
to the first polarization beam splitter, the signal light
passes through the first polarization beam splitter and 1s
reflected to be 1ncident to lenses and reflective mirror
sets, and then be incident to the holographic recording
medium along the second incidence direction, thereby
the signal light 1s made to interfere with the reference
light when the signal light and the reference light over-
lap, and the holographic interferogram is generated 1n
the holographic recording medium;

wherein when the part of the reference light which does not
pass through the first phase retardation plate 1s incident
to the holographic interferogram, the reproduced light 1s
generated, and passes through the first polarization
beam splitter via the lenses and the reflective mirror sets;
and

the 1image sensor, being a two-dimensional 1mage sensor,
disposed at one side of the first polarization beam split-

24

ter, for recerving the reproduced light passing through
the first polarization beam splitter.

10. The holographic storage and reproduction system with

a servo as claimed in claim 9, wherein the servo light guiding

5 portion comprises:
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a second polarization beam splitter, disposed between the
beam splitter and the first phase retardation plate,
wherein after the part of the reference light which does
not pass through the first phase retardation plate 1s
reflected by the holographic recording medium, the ret-
erence light 1s incident to the first phase retardation plate
to change its polarization state, and thus the part of the
reference light 1s incident to the second polarization
beam splitter, and reflected and diverted to be incident to
a sensing portion, such that the reference light 1s con-
verted to a first electrical signal and transmitted to a
control device, for analyzing and adjusting the relative
distance and oblique angle between the storage and
reproduction system and the holographic recording
medium; and

a dichroic prism, for separating light with different wave-
lengths, wherein the servo light 1s incident to the dich-
roic prism, and 1s reflected and diverted to be incident to
the servo track of the holographic recording medium,
and after being modulated by the servo track, the servo
light 1s retlected to be incident to the first phase retarda-
tion plate to change 1ts polarization state, and then 1s
reflected to be incident to the sensing portion when the
servo light 1s 1incident to the second polarization beam
splitter, to be converted to a second electrical signal and
transmitted to the control device, such that the reference
light 1s adjusted by the control device to be perpendicu-
larly incident to the holographic recording medium, and
the holographic interferogram 1s recorded 1n the holo-
graphic recording medium along the servo track sequen-
tially.

11. The holographic storage and reproduction system with

a servo as claimed 1n claim 2, wherein the first light guiding
portion further comprises:

a polarization plate, disposed 1n front of the light source,
for generating a linear polarized light after the light
generated by the light source passes through the polar-
1zation plate; and

a beam splitter, for splitting the linear polarized light inci-
dent to the beam splitter into the signal light and the
reference light, wherein the reference light 1s incident to
the holographic recording medium along the first inci-
dence direction; and

a first phase retardation plate, disposed at one side of the
beam splitter, for making a part of the reference light be
incident to the first phase retardation plate to change 1ts
polarization state; and

the second light guiding portion further comprises:

a first retlective mirror, for diverting the signal light to be
incident to the SLM, wherein the signal light 1s reflected
off the SLM after 1ts polarization state 1s changed by the
SLM;

a first polarization beam splitter, disposed 1n the signal light
path, wherein the signal light reflected by the SLM 1s
incident to the first polarization beam splitter to change
its polarization state, then 1s incident to lenses and
reflective mirror sets to be incident to the holographic
recording medium along the second incidence direction,
such that the polarization state of the signal light 1s the
same as that of the reference light, the signal light and the
reference light are overlapped and made to interfere with
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one another 1n the holographic recording medium, and
the holographic imterferogram 1s generated in the holo-

graphic recording medium;

wherein when the part of the reference light which does not
pass through the first phase retardation plate 1s incident

to the holographic imterferogram, the reproduced light

1S

generated, and penetrates the first polarization beam
splitter via the lenses and the reflective mirror sets; and

the 1image sensor, being a two-dimensional 1mage sensor,
disposed at one side of the first polarization beam split-
ter, for receiving the reproduced light penetrating the

first polarization beam splitter.

12. The holographic storage and reproduction system with
a servo as claimed 1n claim 11, wherein the servo light guiding

portion comprises:

a second polarization beam splitter, disposed between the
beam splitter and the first phase retardation plate,
wherein the part of the reference light which does not
pass through the first phase retardation plate 1s reflected
by the holographic recording medium to change its
polarization state, and 1s then incident to the second

polarization beam splitter and reflected and diverted

o

be incident to a sensing portion, such that the reference
light 1s converted to a first electrical signal and transmiut-
ted to a control device, for analyzing and adjusting the
relative distance and oblique angle between the storage
and reproduction system and the holographic recording

medium; and

a dichroic prism, for separating lights with different wave-
lengths, wherein the servo light 1s incident to the dich-
roic prism and reflected and diverted to be incident to the
servo track of the holographic recording medium, and
alter being modulated by the servo tracks, the servo light
1s incident to the first phase retardation plate to change
its polarization state, and 1s reflected and diverted to be

incident to the sensing portion when the servo light

1S

incident to the second polarization beam splitter, such
that the retference light 1s converted to a second electrical
signal and transmitted to the control device, the refer-
ence light 1s adjusted by the control device to be incident
to the holographic recording medium along the first
incidence direction, and the holographic interferogram
1s recorded 1n the holographic recording medium along

the servo track sequentially.

13. The holographic storage and reproduction system with
a servo as claimed 1n claim 2, wherein the first light guiding

portion comprises:

a third polarization beam splitter, for splitting the light
generated by the light source 1nto the signal light and the
reference light wherein the signal light and the reference
light have perpendicular polarization states with respect
to each other and wherein the reference light 1s incident
to the holographic recording medium along the first

incidence direction; and
the second light guiding portion comprises:

a fourth phase retardation plate, disposed 1n the signal light

path, such that the polarization state of the signal light
changed to be the same as the polarization state of t

1S
he

reference light, and the signal light 1s incident to t
SLM.

1C

14. The holographic storage and reproduction system with
a servo as claimed 1n claim 13, wherein the first light guiding
portion further comprises an objective lens, for making the

reference light appear as a convergent beam to be incident
the holographic recording medium.

o
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15. The holographic storage and reproduction system with

a servo as claimed 1n claim 2, wherein the first light guiding
portion further comprises:

a third polarization beam splitter, for splitting the light
generated by the light source 1into the signal light and the
reference light wherein the signal light and the reference
light have perpendicular polarization states with respect
to each other and wherein the reference light 1s incident
to the holographic recording medium along the first
incidence direction; and

a first phase retardation plate, disposed at one side of the
third polarization beam splitter, for making a part of
reference light be incident to the first phase retardation
plate to change 1ts polarization state; and

the second light guiding portion further comprises:

a fourth phase retardation plate, disposed in the signal light
path, such that the polarization state of the signal light 1s
changed to be the same as the polarization state of the
reference light, and the signal light 1s incident to the
SLM;

a second phase retardation plate, disposed 1n the signal
light path, wherein after the signal light 1s incident to the
SLM, the signal light 1s incident to the second phase
retardation plate, to change 1ts polarization state to be the
same as the polarization state of the reference light, such
that when the part of the reference light and the signal
light are overlapped in the holographic recording
medium, the holographic interferogram 1s generated;

a first polarization beam splitter, disposed in the signal light
path, wherein when the part of the reference light which
does not pass through the first phase retardation plate 1s
incident to the holographic interferogram, the repro-
duced light 1s generated, and 1s incident to the second
phase retardation plate via lenses and reflective mirror
sets, to change the polarization state of the reproduced
light, such that the reproduced light 1s reflected and
diverted when the reproduced light 1s incident to the first
polarization beam splitter; and

the 1mage sensor, being a two-dimensional 1mage sensor,
disposed at one side of the first polarization beam split-
ter, for receiving the reproduced light reflected and
diverted by the first polarization beam splitter.

16. The holographic storage and reproduction system with

a servo as claimed in claim 15, wherein the servo light guiding
portion comprises:

a polarization plate, disposed 1n front of the servo light
source, wherein after the servo light emitted by the servo
light source passes through the polarization plate, a lin-
car polarized light 1s generated;

a dichroic prism, for separating light with different wave-
lengths, wherein the servo light is reflected and diverted
by the dichroic prism, a part of the servo light i1s incident
to the first phase retardation plate to change its polariza-
tion state, and then 1s incident to the holographic record-
ing medium, while a part of the servo light 1s directly
incident to the holographic recording medium:;

a second polarization beam splitter, disposed between the
third polarization beam splitter and the first phase retar-
dation plate, wherein the part of the reference light
which does not pass through the first phase retardation
plate 1s retlected by the holographic recording medium,
and 1s 1ncident to the first phase retardation plate to
change 1ts polarization state, and then 1s incident to the
second polarization beam splitter to be reflected and
diverted, while the part of the servo light which 1is
directly incident to the holographic recording medium 1s
incident to the holographic recording medium, and then



US 7,859,970 B2

27

1s retlected to be incident to the first phase retardation
plate to change 1ts polarization state, and then 1s reflected
and diverted when the servo light 1s incident to the sec-
ond polarization beam splitter; and

28

tially, the reference light passes through the dichroic
prism to be incident to the sensing portion, such that the
reference light 1s converted to a first electrical signal and
transmitted to a control device, for analyzing and adjust-

5 ing the relative distance and oblique angle between the
storage and reproduction system and the holographic
recording medium.

a secondary dichroic prism, wherein after the servo light 1s
reflected by the second polarization beam splitter, the

light 1s incident to th dary dichroic prismt . . .
SELVO HSTIR 15 TILICIEI 10 THE SELOLTALY CHELTOIE PHSHLTO 17. The holographic storage and reproduction system with
be reflected and diverted towards a sensing portion, such - - . - - :

a servo as claimed in claim 1, wherein the SLLM 1s a transmis-

that the servo light 1s converted to a second electrical 0 sive STM.

signal and propagated to a control device, the reference 18. The holographic storage and reproduction system with

light ?S El_d_j'llSted by the COHU’OI_ device to be perpendiCU- a servo as claimed in claim 1, wherein the SI.M is a reflective
larly incident to the holographic recording medium, and ST M.

the holographic interferogram 1s recorded in the holo-
graphic recording medium along the servo track sequen- k% %k




	Front Page
	Drawings
	Specification
	Claims

